Because of the differences of wave energy fluxes over submerged breakwater and energy dissipation on a perched beach, the responses of perched beach under regular and irregular storm waves may give different results. To identify the differences, a series of experiments was conducted in a 2D wave flume under a pair of regular and irregular waves. The regular and irregular waves were set in equivalent wave height and wave energy. The maximum scour depth between initial beach profile and beach profile after storm and volume of sediment that was lost offshore over submerged breakwater i.e. volume loss are taken into account for evaluation. The results showed that under the equivalent wave height, the scour depth and volume loss of regular storm wave cases are much more than those of irregular wave cases. In addition, in all the cases of experiment, the perched beaches under regular waves showed eroded profiles, whereas under irregular waves they showed accreted profiles. Under the equivalent wave energy, the type and volume loss of perched beach profiles of regular and irregular waves are similar except for the scour depth. The classification of type of perched beach profiles under irregular waves is also discussed.
INTRODUCTION
Beach nourishment is an effective method for coastal protection that has been applied commonly all over the world. The source of replenishing materials is becoming more and more exhausted and costly; therefore, the reduction of the amount of replenishing materials is a solution of reducing the cost of beach nourishment projects. Perched beach nourishment is an appropriate solution for this issue. In Japan and the United States of America, the method of perched beaches is considered as a new phase in coastal defense systems. With the perched beaches, the coastal defense system is strengthened and the beach is widened. This gives opportunities for restoration and preservation 1) .
There were number of studies on the responses of perched beach profile by conducting physical experiments under irregular waves 2) 3) 4) 5) and regular waves 6) . The results of these studies are very practical in the design of perched beach nourishment. However, in these studies, the experiments were separately conducted in regular and irregular waves. Therefore, these experiments may have different results of responses of perched beach. The purpose of this study is to identify the different responses of perched beach profile under regular and irregular waves in normal and storm waves by conducting physical experiments in the 2D wave flume. The scour depth and volume loss are taken into account for evaluation. The different responses are discussed in equivalent wave height and wave energy of regular and irregular waves. First, in the equivalent wave height, significant wave height and wave period of irregular waves are set equal to wave height and wave period of regular waves at the offshore. Under the equivalent wave height, the results showed that the profiles caused by regular storm waves yielded much more deformation and volume loss than those by irregular waves. In addition, even in the cases where the perched beaches under regular waves showed eroded profiles, irregular waves yielded accreted profiles.
Secondly, the energy of the regular waves is set equally to that of the irregular waves. The responses of perched beach profiles under regular and irregular waves are similar except for the scour depth. Larson and Kraus 7) studied the responses of beach profile under regular waves and classified the beach profiles based on the wave conditions and sediment grain size. In this study, the classification of a perched beach profile under irregular waves is also proposed. This is based on the results of this study's experiments and empirical results of Larson and Kraus 7) .
EXPERIMENTAL SETUP
Twenty-two cases of experiments were conducted in a 2D wave flume that was 30 m long, 0.7 m wide and 0.7 m deep (Fig.1) . Irregular waves having a Bretschneider-Mitsuyasu spectrum 8) 9) were used for all of irregular wave cases. The wave height and wave period of experiments vary from normal to storm wave conditions ( Table 1) . The water level changed as low water level (LWL), mean water level (MWL), high water level (HWL) and highest water level (HHWL) with 0.067, 0.100, 0.124, 0.190 m above the submerged breakwater crown d, respectively. From the initial beach slope, waves were generated by a piston-type wave generator for 60 minutes in both regular and irregular waves. The wave heights were measured at 0.5-m intervals along the profile all the time of wave generation. On the five lines along the wave flume, beach profiles were measured by an optical bottom profiler at the beginning and after 60 minutes of wave generation.
The scour depth was measured by taking the maximum deformation between the initial profile of perched beach and its profile after 60 minutes of wave generation. The volume loss was measured by taking the volume of sediment that was lost offshore over a submerged breakwater. The volume loss is shown as negative net volume in later discussions.
RESULTS AND DISCUSSIONS
(1) Equivalent wave height of regular and irregular waves a) Effect of wave conditions on responses of perched beach profile
The beach profiles after 60 minutes of wave generation are shown in Fig.2 . Under the normal wave conditions, the deformation of perched beach profiles is insignificant. As the wave height increases, the scour depth gradually increases (Fig.3) . Under regular storm waves, the scour depth is larger than those under irregular waves, particularly in the case E15P. In this case, the deformation of the perched beaches is very much at the inshore zone, however, it is nearly stable at the foreshore zone. On the other hand, under irregular waves, the deformation is insignificant at the inshore zone. And, at the foreshore zone, the sediment transports onshore formed the berms (Fig.2) . The wave energy dissipation is high in the region of breaking waves, this maintains grains in suspension, and more sediment is transported than in regions of non-breaking waves 7) . In the irregular wave train, there are low waves as well as high waves. The wave breaking positions are distributed along the perched beach. Thus, the energy is dissipated in a long distance on the perched beach, whereas under the regular wave conditions, the wave breaks at the same position on the perched beach. The wave energy dissipates quickly in a short distance on the perched beach (Fig.4) . In addition, in the equivalent wave height, the wave energy of regular waves is double the wave energy of irregular waves. Under regular waves, the sediment in wave breaking regions receives more wave energy and is easily transported. Therefore, the scour depth under regular waves is larger than those of the irregular waves.
In another aspect, the volume loss of the perched beach profile under irregular waves is insignificant, whereas under regular waves, it increases significantly as the wave height increases (Fig.5) . Because of measurement error, the volume losses of some cases are positive. However, the volume losses of these cases are insignificant comparatively to the cases with the large volume loss. The maximum cross-shore transport rate appears to be located in the vicinity of plunging point where maximum energy dissipation occurs 7) . In the physical experiments, the wave plunging point is not easily measured. The wave plunging point occurs after the wave breaking point; thus, the discussion is make in terms of the wave breaking point instead of wave plunging point. The wave breaking positions of cases under normal regular waves are further onshore. Under regular storm waves, the wave breaking positions of cases E11P & E15P are close to the submerged breakwater (Fig.2a) . The sediment near the submerged breakwater of these cases receives much more wave energy. Thus, the sediment is easily transported offshore causing the big volume loss over submerged breakwater. The wave breaking points of irregular wave cases distribute in a long distance over the perched beach. In addition, in the equivalent wave height, the wave energy of irregular waves is less than that of regular waves. The sediment at the places near submerged breakwater receives less energy. Therefore, the less sediment is transported over submerged breakwater causing less volume loss. The wave spectral density of the irregular wave cases that is measured at the wave gauge No. 4 above the submerged breakwater will act on the perched beach (Fig.6 ). The peak of wave spectrum slightly changes to low frequency in the cases of perched beach nourishment. In addition, the wave spectral density of long waves 0-0.3 Hz that give an opportunity for accretion of sediment in the foreshore area tends to increase. Above all, some of high waves of irregular waves break at the seaward of the submerged breakwater. Hence, the spectral density of waves that transmits over the submerge breakwater decreases. With all the reasons above, the accretion at the foreshore area of the perched beach may result.
b) Effect of water levels on responses of perched beach profile
Three pair cases of irregular and regular waves E17P and E18P, E19P and E20P, E21P and E22P, respectively, with different water levels are taken into account. For the regular wave cases, as the water level increases, the scour depth increases (Fig.7) . Gonzalez 10) studied the equilibrium beach profile model for the perched beach and showed that if the ratio between the water depth above submerged breakwater, d, and the water depth at the toe of structure, he, is large d/he > 0.1 i.e. at the higher water level. the scour depth is larger. Under high water levels, the high waves could pass over the submerged breakwater and approaches to the perched beach. Whereas, under low water level the high waves break seaward or at the submerged breakwater. Thus, the wave energy fluxes over the perched beach significantly decreases (Fig.6) .
For the irregular wave cases, the wave energy fluxes on the perched beach is smaller than those in regular wave cases (Fig.4) . In addition, this energy dissipates at a long distance over the perched beach. Thus, under irregular waves, the change of water level insignificantly affects to the volume loss (Fig.8) . In the regular wave cases, the wave breaking position of low water level case E17P is very close to the submerged breakwater. As the water level increases, the wave breaking positions moved further onshore. Most of the energy of regular waves under low water level dissipates immediately behind the submerged breakwater. Thus, the sediment in this region is easily transported over submerged breakwater causing a big volume loss (Fig.8). Fig.7 shows that under the higher water level cases, the high wave energy transmits to the perched beach causing large deformation in the onshore side, and a big volume of sediment is transported offshore. However, the breaking points are far from the submerged breakwater; thus this amount of sediment is still inside the perched beach. It can be concluded that under regular waves, in the cases in which the locations of the wave breaking point close to the submerged breakwater i.e. low water level, a big volume loss may result.
(2) Equivalent wave energy of regular and irregular waves
The wave energy of each pair cases of irregular and regular waves E12P and E24P, E16P and E25P was set equivalently. The location of deformation of 6 Wave spectrum of the irregular wave cases.
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perched beach profile under regular and irregular waves are both in the places near submerged breakwater. In addition, at the foreshore area, the sediment transports slightly onshore and the berms are formed in all cases (Fig.9) . The volume loss of each pair cases is similar and insignificant (Fig.10) . Despite the similar wave energy, the energy of regular and irregular waves dissipates with different distances on the perched beach as discussed in section (1). Therefore, the scour depth of perched beaches in regular and irregular waves is different (Fig.9) . Although there is a difference in scour depth, however the perched beaches under regular and irregular waves are both accreted profile. In addition, the volume loss of these two are also in agreement. It can be concluded that under the equivalent wave energy the responses of perched beach profiles under regular and irregular waves are similar.
Larson and Kraus 7) studied the response of normal beach profile under regular waves and classified it into erosion and accretion profiles based on the wave conditions and grain size of the sediments. In the section (1), the results showed that based on the equivalent wave height, the responses of the perched beach profile under regular and irregular waves are different. In the equivalent wave energy, however, the responses are in good agreement. Thus, the classification of the perched beach profiles under irregular waves should be based on the equivalent wave energy instead of wave height. The equivalent transmitted wave energy over submerged breakwater of regular and irregular waves should be written as ER=2EI.
The wave energy of irregular waves is a function of significant transmitted wave height Hst and independent from significant transmitted wave period Tst. perched beach profile type under irregular waves is given by equation (5). The graph expresses the criterion for classifying profile type under irregular waves is showed in Fig.11 .
in which w (m/s) is sediment settling velocity, Lt (m) is transmitted wave length. The Fig.11 shows that under the regular waves, the response of perched beach profile is agreement with equation of Larson and Kraus 7) , however in the irregular waves, the response follows the modified equation (5) . Although, there is no datum in the "erosion" side of the solid line, the classification of the perched beach in irregular waves is considered to be reliable because the solid line is modified from the equation (4) based on the energy equivalence.
CONCLUSIONS
In the equivalent wave height, under normal waves, the responses of perched beach profile to regular and irregular waves are similar. However, under storm waves, it is significantly different. The scour depth and volume loss under regular waves are higher than those under irregular waves. Under regular storm waves, perched beach is eroded profile, whereas under irregular waves it is accreted profile.
The response of perched beach profiles under regular and irregular waves are similar when their energies are equivalent. Therefore, as conducting the experiment in both cases of regular and irregular waves, the equivalent wave energy should be taken into account.
Based on the results of this research experiments and profile classification proposed by Larson and Kraus 7) , the classification of perched beach profile under irregular waves is suggested. Once the wave conditions above the submerged breakwater is known, the type of perched beach is classified.
